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Abstract

This paper is one of a series of reports from a research pro-
Ject, "Evaluation of laboratory work of secondary school pu-
pils", at the Department of Teacher Education of the Uni-
versity bof Helsinki. In the present study the project was
exbanded from physics and chemistry to include laboratory
work in the biological sciences. Twelve different laboratory
tasks were selected from biclogy and chemistry courses of the
Finnish comprehensive school. The tasks were analyzed and a
relevant observation scale was developed regarding the aims
and goals of teaching. 212 secondary school students from
five different schools were observed during laboratory ses-
sions and their performance as well as the results of the
work were analyzed. It was founé that our approach provides
direct guidelines for the development of the evaluation pro-
cedures as well as suggestions for new types of laboratory
tasks for the comprehensive school. Even problems of 1labora-
tory safety are emphasized in the report.

Key words: Evaluation of laboratory work, LaSoratory tasks in

]Jf*ol science, Laboratory safety in schools
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Tutkimuksia 84, 1990

Veijo Meisalo - Matti Erdtuuli - Enrico Capaccio
Laboratoriotydskentelyn arviointi peruskoulun luonnontietei-
den opetuksessa. Arviointimenetelmien kehittdminen erityises-
ti biologian ja kemian oppilastdissé

55 sivua

Tiivistelmd

Tdmd tyd liittyy laajempaan Helsingin yliopiston opettajan-
koulutuslaitoksella toteutettuun projektiin, jossa on tutkit-
tu aikaisemmin fysiikan ja kemian oppilastdiden evaluaatiota.
Tissd tyYssi tutkimusaluetta on laajennettu biologian oppi-
lastdihin. Tdt4d tutkimusta varten valittiin kaksitoista eri-
laista biologian ja kemian oppilastydtd peruskoulun yldas-
teelta. Valitut oppilastydt analysoitiin opetussuunnitelmassa
esitettyjen tavoitteiden valossa ja tdltd pohjalta kehitet-
tiin observointilomake. Koehenkildind oli 212 peruskoulun
yldasteen oppilasta viidest#d eri peruskoulusta ja heitd ob-
servoitiin laboratoriotdiden aikana ja myds kyseisten t&iden
tulokset rekistertitiin tutkimuslomakkeelle. Tutkimuksessa
havaittiin suuria eroja eri oppilastdissd korostuvien tavoi-
tealueitten v#1i114. Tidssid kehitetyt menetelmdt tarjoavat
viitteitd sek#d arviointimenetelmien kehittédmiseen ettd wuuden
tyyppisten oppilastditten tuomiseen peruskoulun 1luonnontie-
teiden opetukseen. Ty®tssd kiinnitetddn myds erityistd huomio-
ta oppilasturvallisuuteen liittyviin kysymyksiin.

Hakusanat: Evaluaatio, oppilastydt, luonnontieteiden opetus
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thank our colleagues and the teachers as well as pupils who
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All three authors share the responsibility for this ' re-
port, with Enrico Capaccio and Matti Er#tuuli concentrating on
the empirical part and Veijo Meisalo on the theoretical
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1 Introduction

History of the project

The Finnish comprehensive school was created in the early
seventies, but since then it has been under continuous rapid
development, for instance abolishing the possibility of
streaming in the mid eighties. .The curriculum, as well as the
teaching practice of sciences on the lower secondary level in
the comprehensive school, has emphasized laboratory work. For
instance during 1981-82 it was reported that 95 § of the
schools had practical work at least. every second lesson (90
min. session). However, the feedback from the school practice
implies that students and teachers do not see the real value
6f the work in the science laboratory. One of the possible
ways to improve the situation, that has been suggested on
different occasions, is to augment the role of practical work

in the evaluation of student performance.

From the beginning of our project we have been cooper-
ating closely with the national school authorities in Fin-
land. The need to emphasize practical work, demonstrated by
the first stage of our project, effected in part that
teachers were advised to place greater stress on the informal
evaluation in the final grade of students in physics and
chemistry, where laboratory work was important. Since the
problems of subjectivity are obvious in informal evaluation,
the new teachers' guidelines for evaluation procedures in
physics and chemistry, given by the National Board of General
Education, included several principles pointed out in our
preliminary reports (cf. Er#tuuli & Meisalo 1982). The aims
and goals of science teaching were already formulated to more

O
[z l(jearly include individual observations and practical work

i 0



performed by the student. It was stated unequivocally that
the student's performance in practical work has to be an es-
sential part 1in the evaluation of his ability 1in science.
Suggested methods of evaluation were structured observation
and the use of practical test items, paralleled with standard
pencil-and-paper tests.

Our first studies concentrated directly on the evaluation
of laboratory work of lower secondary school pupils to devel-
op especially methods of evaluation in physics and chemistry
(cf. Er3tuuli & Meisalo 1982, 1985). As stated above, our
project was in close cooperation with the development task of
the national curriculum, particularly in the area of physics
and chemistry in the comprehensive school (grades 7 to 9). In
1986 we became more interested to widen the area to include
the biological sector of the curriculum. It can be noted that
in the biological sciences the above problems have aroused
little interest in Finland. For instance, a recent book used
in teacher education (Virtanen & Kankaanrinta 1989) does not

at all discuss the evaluation of practical work.

1.2 Survey of the literature
.The tradition from the nineteenth century in science teaching
has emphasized demonstrations as an essential feature of
science teaching. A later trend was to emphasize the role of
laboratory work from the viewpoint of acquisition of skills
as well asg for reasoning (cf. Kerr 1964, Lock, 1988). For
instance Head (1985) analyses the value of practical work on
psychological grounds. Morris (1983, p. 57) claims, that "it
1s an established fact that science teaching is inefficient
o hout well-organized laboratory work". However, 1t is not

ERIC
i1
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10
obvious what "efficient" or "inefficient" means in this con-
nection. For instance, the review by Shulman and Tamir (1973)
presented the cleér-cut conclusion that, when measured by
standard achievement tests, the benefit from laboratory work
is dubious.

Bleichroth (1988) and Blosser (1988),_among others, have
lately revived the question of the good and not so good as-
pects of laboratory work. Different research groups and ex-
perts have developed methods to evaluate 1laboratory work
starting from the processes and outcomes of practical work in
the laboratory ( see e.g. Thomas 1971; Mackay, 1975; Lunetta
& al. 1981; Kohlstrung 1988). We understand that the correct
measure oOf efficiency should be in achieving the aims and
goals of science education. The standard achievement tests
often measure skills and knowledge emphasizing essentially
different matters than t?ose put forward by experts of labor-
atory work. The aims and goals of the curriculum of the
Finnish Comprehensive School will be analyzed in more detail

below.

1.3 Analysis of the aims and goals of science in the curric-

[

lum

The curriculum of the Finnish Comprehensive School is based
principally on a committee report published in 1970 (anon.
1970). while the general goal of the Comprehensive School 1is

the development of the personality of each pupil, the sub-

Ject-oriented goals of biology teaching stress the following

aims: " 1 2

[: i} ) acquaint pupils with 1iving nature, also especially with

orromrn human body, its structure and vital functions, as well as
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those phenomena which are important for a human being as a
member of a society,

- to make clear the dependence of all living creatures on
each other and on all nature, and also the responsibility of
human beings as agents of change in nature, as well as users
of natural resources,

- to guide pupils to make observations in nature and to make
conclusions based on them, as well as help them to use induc-
tive reasoning,

- to train pupils in independent aqquisition of information,
even from printed sources,

- to guide pupils to understand the beauty of nature, and to
spend their leisure time in nature,

- to arouse in the pupils an interest in the studies of
living nature and in an active pursuit to protect the envi-
ronment and the possibilities of living. The aims of physics
and chemistry, which are presented together in the curricu-

lum, are:

- to enable the pupils to acquaint themselves with the most
important natural phenomena and with the natural 1laws con-
ceivable through these phenomena, as well as to present the

most important applications

- to let the pupils learn the working methods of physics and
chemistry so that they also comprehend how they are applied

in different fields of practical life

- to arouse interest in scientific studies, and to offer
materials for the construction of the scientific view of the

FRIC® 13
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- to develop skills of observation and evaluation, autonomous

behavior, dexterity, and comprehension of causal relations.

The subject oriented aims have been slightly modified in the
mid eighties, and the detailed curricula are now formulated
on the municipal level. The main trend in the changes has
been to observe more closely the general aim of the curricu-
lum in the subject oriented goals. However, the schools in

our study still followed the earlier curriculum.

The methodical recommendations as well as the Teachers'
Guides, published by the National School Board, advise that
all chemistry and the major part of biology lessons should be
held iq’ a school laboratory or conducted by making obser-
vations and doing experiments in nature. They also state,
that the aims of the curriculum should be interpreted in

order to emphasize both openness and the practical aspects of

school work.

1.4 Relevance of the present school practice to the aims and

goals

In grade seven there is one 45 minute teaching period in
chemistry and another in biology per week. In grade eight
there is a double teaching period in chemistry and two single
ones in biology. In grade nine there are only two periods in
biology. The National Board of General Education recommends
that all chemistry and the major part of biology 1lessons
should be held in a school laboratory or conducted by making

observations and doing experiments in nature. The pupils
O

[E l(jly work in groups of two in the school laboratory, but
P oo v

occasionally there is a need for larger groups or a possibil-
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ity for individual work. '
It 1is interesting to note, that in the Finnish school
practice it is not usual that biology' and chemistry are
taught by the éame teacher. The most common combinatioﬁs of
subjects for one teacher are, 6n one hand, mathematics,
'physics and chemistry and, on the other, biology and geo-
graphy. Only rather recently, with the introduction of infor-
mation _technology as a new elective subjecf, have the above

traditional combinations been partly bfoken.

ERIC 15
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2 Theoretical outline

2.1 Essential dimensions of teaching/learning situations

The teaching and learning situation in a .school classroom or
laboratory is very complex. It is important, that the teacher
is able to analyze her or his work as to the most essential
aspects of the situation. At our Department we have developed
a 'method of analysis (cf. e.g. Meisalo 1985, Meisalo & Er#-
tuuli, 1985) where the essential dimensions in the teaching

of science are 1) Human exchange vs. independence, 2) Connec-

tion to the real world (direct vs. through concrete or ab-

stract mathematical models), 3) Level of 1ogical thinking.

This model of analysis is presented in Fig. 1.

In Fig. 1 the first dimension has three categories:
Teacher dominated, dominated by social interaction, and inde-
pendent work by pupils. These categories serve asAéxamples to
clarify the nature of this dimension. Human interaction has
been considered as the most essential pedagogical dimension
in the Finnish research tradition. It is possible to diffe-
rentiate further the above categories to include, " for in-
stance, several different types of group work. As an example
we may mention that it is common in the Finnish science
classroom for pupils to work in pairs. Here the group dynam-
ics 1s essentially different from when the number of buﬁils

in the group is larger.

.- i6
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Levei_é of logical thmkmg
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)(3‘ . . .
X .
Human exchange vs.
independence

Figure 1. The threedimensional model of analysis of

teaching/learning situations
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The second dimension is the connection to the real world.
This aspect of teaching is most essential to all science sub-
jects, and it shoulﬁ affect both planning and the actual
school work on all school 1levels. Studies directly 1in
nature, observations and experiments, even in laboratory con-
ditions, are essential for the understanding of_natural phe-
nomena as well as for creating the emotional atmosphere so
important for the urbanizing man. As the second category in
this dimension, we may consider the use of concrete models,
pictures etc. so actively in use in many schools. And for the
epistemologically highly-developed sciences, the use of
mathematical models is the most abstract level, presented as
the third category. Again here we can see the péssibility of
creating new categories, e.g. differentiating concrete models
and pictures into different categories, and observing that
dynamic _simylations are often essentially different from

static pictures, providing the basis for another category of

this dimension. °

.

The third dimension considers the level of logical opera-
tions involved 1in the teaching - learning situation. The
first, and not unnecessary category, involves the processes
of memorization and recollection. The second qafégorﬁ is re-
lated categorization to concept formation on the basis of the
available information. Other 1ogiqa} processes are inductive
and dééuctive as Qell as analogue ;easoning. These categories
are related to the hierarchical 1e§els of aims and goals as

presented e.g. by Gagne.

O

RIC 18

Aruitoxt provided by Eic:



17 .

2.2 Openness of tasks - freedom to do independent work

‘One 'of the main goals ‘of education is to prepare the student
for life as an adult, where there are no parents or teachers
guiding and helping when confronting different problems; This
means -that the adults have to be mature enough for indepen-
dent action, and pupils have to be given the opportunity of
‘experiencing independent decision-making during their school
years. Maturation'is a slow process, and these opportunities
have -.to "be opened grédually starting already on the lower
grades. This is related to the first dimension of the above
analysis.

We have been interested in these problems for a longer
time- now (e.g. Meisalo 1980, 1982; Er#tuuli & al., 1981).
~there 1s obviously a continuing need to find effective meth-
ods for advancing and evaluating independent work 1in the

school (Schaffeld 1988);

-We may here analyze further the sources of limitations to

the autonomy of pupils in three categories (see Fig. 2):

a) Limitations due to the teacher and other pupils

‘Tthe teacher may be dominating and authoritative giving
strict, detailed orders and directives to the pupils. Some
~“pupils’ may feel safe in this kind of atmosphere, but 1t
" prevents the maturation process of the pupils. Also, some
pupils may be dominant allowing little 1nd1v1duélity in group

work etc.

ERIC 19
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Limitations due to the teacher
and other pupils

C

b Material
limitations

Limitations inherent in the
pupils themselves

Figure 2. The sources of limitations to the autonomy of

puplls as analyzed in three dimensions
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b) Material limitations

The role of material limitations is one of the key questions
in the present study. The problems presented in the workbook
for students may be pure recipes giving no intellectual
freedom to pupils. fhis problem has been analyzed widely in
studies of openness of tasks (cf. Er&tuuli & al. 1981).

c) Limitations inherent in the pupils themselves

One can not be autonomous without having necessary knowledge
and skills, as well as a general maturity for the tasks con-
cerned. The final test of the necessary maturity seems to be
the ability of self-evaluation of the outcomes of the work.
This idea has been developed to include ready-made forms for
practical work Pierow 1988), but it may also be seen more

widely.

2.3 Theoretical analysis of the aims and goals of science

education

The aims and goals of science education in the Finnish school
system has already been briefly analyzed before. Now it is
necessary to connect the above theoretical considerations to
the goals presented in the curriculum, and to provide the

theoretical basis for our empirical approach.

The established goals offer the basis for the evaluation,
also in connection with experimental work. We further devel-
oped our analysis of the categories of aims and goals to be
observed in the laboratory work, as presented in our previous
studies on physics and chemistry. The categories are

A. Practical skills

o ‘General work habits
ERIC

e
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C. Observation of laboratory safety

D. Quality of experimental results

In a further analysis these four categories include the fol-

lowing objectives:

A. Practical skills:

1.

2.
3.

5.
6.
7.

To show clearly the full range of relevant manipu-
lative skills

To appreciate the precision of the apparatus

To be able to obtain quantitative results within an
expected range

To be able to perform the experiment within a reason-
able time

To be able to modify the experimental plan creatively

To be able to carry out pilot experiments

To be able to carry out control experiments

B. General work habits

8.
9.

To be willing to work as a member of a team

To be able to work independently

10. To be willing to help in running the laboratory

11. -

To maintain constant attention and to work

effectively

12. To be able to make suggestions for further research

C. Observation of laboratory safety

13. To follow safety instructions

14. To perform the experiments neatly and properly

15. To observe the safety of other pupils

D. Quality of experimental results

16. To interpret the data in the light of theory

17.

O

ERIC

Aruitoxt provided by Eic:

7o understand the accuracy and reliability of the

data 2 2 '



o

ERIC

Aruitoxt provided by Eic:

18.
19.

20.
21.

21
To understand the meaning of the results
To be able to interpret properly the results of
trol experiments
To compare results with data from literature

To search for additional information

con-
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3 Empirical approach

3.1 The experimental group

The experimental group in this study consisted of 212 pupils
from five different Finnish comprehensive schools. They were
on grades seven to nine corresponding to the lower secondary
school 1evel and between the ages of 14 and 16 years. For
practical reasons all schools in our study were in the vicin-
ity of Helsinki. The teachers volunteered to participate in
our study, but the schools had no special characteristics.
Teachers evaluated each working group as presented in Appen-
dix 1 below. The groups differed substantially according to
these subjective evaluations. It is to be noted that the em-
phasis in our work is not on the qualities of pupils but on

the learning tasks.

3.2 Selection of the laboratory experiments

All twelve experiments which were chosen for this study were
usual 1laboratory tasks presented in the pupils' 1aboratory
manuals used in Finnish comprehensive schools. Most schools
use science studies textbooks which include laboratory manu-
als; The 1imited time available for the collection of our
data to some extent prevented a wider selection of the tasks.
However, it was not considered as an essential l1limitation in
our work. The first criterion for choosing an experiment was
the amount of planning needed for diff;rent experiments. The
second criterion emphasized the possibility of achieving the
objectives of biology, chemistry and physics teaching. Be-
cause it was possible to observe the éupils during only one

O
]E l(:th' the researchers were not able to analyze the experi-
v roviesn enc
24
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ments from this viewpoint. The third criterion was the open-
ness of the experiments. However, here it was only possible
to analyze in advance the limitations due to written instruc-
tions or the experimental setup. The authors as observers did
not want to influence the behavior of the teachers, and thus
the role of teachers in the activated openness during a la-
boratory session could not be estimated in advance.

We had special difficulties in choosing experiments with-
in biology. Our # 4, Model of genetic code, which is actually
ﬁuasi-experimental, was rather strange to the teachers. Thus
the probability model of this task was introduced by the re-
gsearch team in the schools. Experiment # 7, Difference be-
tween concrete and Portland cement, was very close to practi-
cal 1ife, but the pupils were not able to draw conclusions
during the laboratory sessions.

In summary we may state that we selected a small number
of ‘experiments and wanted to study them somewhat deeper, set-
ting the ground work for a more extensive empirical approach.

3.3 The obgervation form

The observation form was formulated by the authors on the
basis of our earlier research work, including the theoretical
analysis of the dimensions of the 1abo;atory work. The basis
for this development work was the epistemological nature of
biology, chemistry and physics as sciences, as well as the
structure of the goals of these school subjects. It was con-
sidered important to include safety aspects in the observa-
tion form for all sciences, although these are emphasized to
a lesser extent in biology in the Finnish school practice.

Q In the earlier investigations of this projecf téachers

E]{J!:iated the dimensions of laboratory work on a five step
s rovieiv, e 2253
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scale. . The use of such a fine scale-proved to be problematic
for teachers who were not specially trained for. observations.
Although it would certainly be possible to get better results
with proper training, it was decided to try a three step
scale in this investigation to make the observation easier.
The observers wrote down O, if they could not identify any
work towards the objective during the session. Similarly, the
observers wrote -1, if they concluded that the -behavior of
the pupil did not lead towards achieving the objective. Iif
they observed behavior which was partly good, partly bad in
regard. to leading towards the objective, they wrote +1; this
kind of behavior was oObserved only in very few cases,
primarily. in connection . with safety measures. If the
objectives of the task were achieved, the observer indicated
this by number 2.

The observation form (Appendix 5) also included notes on
the openness of the experiment. The observer recorded by whom
or by what means the instructions were given to pupills. It
was sometimes possible for pupils to work without any in-
structions, but more. often these.were given in the laboratory
manual or by the teacher. Relevant safety measures were also
recorded, especially if there were some special regulations
as to use of chemicals, special apparatus or in field work.

The teacher also estimated the general ability of each
group -on the basis of his or her experience. This is to be
compared with the-procedure which we followed in our earlier
.investigations, where individual ability was recorded as the
last examination marks in physics and chemistry.

o _ L
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The work of (pairs of) pupils in a school laboratory was ob-
served by two observers, using structured observation meth-
ods, either in real time in the laboratory or by the session
being recorded on videotape, and analyzed later with similar
methods. The reliability of the observation method was esti-
mated as rather good, which was demonstrated by the calculat-
ed correlation coefficient between the data, by different
observers, which was 0.80.

Observations on videorecorded sessions were analyzed in
reference with introductory and advanced achievements in
science laboratories via SLIC (Science Laboratory Interaction
Categories) analysis. The time devoted to experimenting was
22 & - 43 &, listening to instructor's indications 20 § - 30
%, questioning and further investigation 2 &, and writing
laboratory reports 20 %. It was concluded that pupils were
more interested in confirming facts and collecting data than
in broader investigations of nature through exploring, 1in-

quiry, and explanation.

e - 27
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4 Results and analysis of the data

4.1 Analysis of different 1laboratory tasks

The experiments wutilized in this work were selected from
those included in the ordinary students' 1ab6ratory workbooks
used in Finnish comprehensive schools. Twelve different ex-
periments were selected for this study and they are described
shortly in Appendix 1. Two examples are also présented
below:

The 1laboratory task # 6 was the study of bacterial
growth. Students had to heat a nutrient substratum and to
prepare a culture for bacterial growth under sterile condi-
tions. Different specimens with bacterial contamination were
put on the Petri dish, and growth rates were recorded during
one week working at home. Pupils had detailed instructions
for this study in their textbook.

The'laboratory task # 9 was the study of the chemistry of
carbon. The purpose of the experiment was to identify carbon
in organic substances. Pupils were instructed to build, for
this purpose, a test apparatus which can be seen in Figure 3

below. Pupils heated organic material, usually a piece of

%
“
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wood, 1in the test tube. Pupils verified carbon frem the
distilled gases by different indicative reactions. Instruc-
tions for this laboratory task, as well as a diagram of the
apparatus, was in their laboratory manual. They were also
supposed to answer eight questions related to the experiment

during or after the session.

4.2 Results of structured observation of laboratory tasks

A graphic summary of our results of observations is presented
in Figure 4, where data from all laboratory tasks are treated
together. It can be seen that the first observed skill, "To
show clearly a full range of relevant manipulative skills",
was achieved by about 80 % of the pupils. There is a very
small percentage of negative cases (dotted area) in the ob-
server markings. The teachers have obviously emphasized mani-
pulative skills earlier.

fhe second observed skill, "To appreciate the precision
of the apparatus", is shown by about two thirds of the pu-
plls. Observers recorded difficulties in the work of about
one tenth of the pupils. In about one fifth of the cases this
kind of skill was not requested or it was not possible  for
the observers to record relevant skills. However, it may be
stated that this skill is reasonably well developed in the
pupils.

The third observed skill, "To be able to obtain quantita-
tive results within expected range"”, was not relevant to most
of the practical work, since the tasks were of a qualitative
nature. Thus 1little can be said with certainty about the
skill of pupils, but it seems that when needed, a good major-
Q
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Objectives
Objectives
A.
1. To show clearly full range of relevant manipulative skills
2. To appreciate the precession of the apparatus
3. To be able to obtain quantitative resuits within expected

range

4 To be able to perform the experiment in a reasonable time

5 To able to modify the experimental plan creatively

6. To be able to carry out pilot experiments

7. To be able to carry out contro! experiments

B. General work habits

8 To be willing to work as a member of a team

9 To be able to work independently

10. To be willing to help in running of the laboratory

11. To maintain constant attention and to work effectively

12. To be able to make suggestion for further research

C. Observation of iaboratory safety

13. To follow safety instructions

14. To perform the experiments neatly and properly

15. To observe the safety of other pupils

D. Quality of experimental results

16. To interpret the data in the light of theory

17. To understand the accuracy and refiability of the data

18. To understand the meaning of the results

19. To be abie to interpret properly the results of controt
experiments

20. To compare results with data from literature

21. To search for additional information

Figure 4. The results of observations of all laboratory
gsks. Positive cases marked with diagonal 1ines, negative
EMCXS marked with dotted areas and white areas mean no

Full Tt Provided by ERIC.
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The "effectiveness" variable, "To be able to perform the
experiment within a reasonable time", demonstrated that one
of the problems of the Finnish comprehensive school, lack of
time, 1is not really relevant here! On the other hand, the
selection of the experimental tasks in the teaching material
was certainly 1limited through knowledge of +the available
time.

The following observation categories were: # 5. "To be
able to modify the experimental plan creatively”, # 6, "To be
able to carry out pilot experiments", # 7. "To be able to
carry out control experiments". The laboratory tasks in our
study hardly offer any possibilities to these more sophisti-

cated aspects of experimental studies.

The following observational items considered general
work habits. It can be seen that the school emphasizes more
group work than individual work. Item # 8, "To be willing to
work as a member of a team", was observed regularly. There
were also some difficulties in cooperation with more than 10
% of the pupils. This may reflect the fact that pupils had
very few other possibilities for positive cooperation in
these grades. On the other hand, many laboratory tasks do not
require individual action. Item # 9, "To be able to work in-
dependently”, was not observed at all in more than one half
of the cases. However, there were no major problems in in-
dividual work in observed situations.

It 1is obvious that teachers do not ask pupils +to share
the responsibility for running the laboratory. Item # 10, "To
be willing to help in running the laboratory", was seldom ob-

[: i%zad. Here we may have a major task for teacher education.

31
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On the other hand, we may speculate that some safety instruc-
tions may inhibit free movement of pupils and thus also pre-
vent the offeiing of help to the teacher in running the 1la-
boratory. On the contrary to the previous item, pupils were
rather well prepared "to maintain constant attention and to
work effectively" (item # 11). Then, the absence of item #
12, "To be able to make suggestions for further research”,
shows that teachers do not ask for this kind of behavior.
This indicates that teachers should activate open suggestions
far more than has been done so far.

The following observational items are related to labora-
tory safety. These aspects are not emphasized in the aims and
goals, but in the practical instructions of running the 1la-
boratory. It may be seen that often safety problems are not
relevant to the laboratory tasks. However, there were prob-
lems in astonishingly many cases. Item # 13, "To follow safe-
ty instructions”, shows some kind of violation of safety in-
structions in one third of the relevant cases! Item # 14, "To
perform the experiments neatly and properly", shows better
results, but again, item # 15, "To observe the safety of
other pupils", shows that there has not been enough emphasis
in the instructions to follow the safe procedures in the
school laboratory. An overall statement of the observers was
that the violation of safety instructions was obviously con-
nected to minor general disturbances in the classroom.

Quality of experimental results, including thé relation
of data to theoretical models, is the last of our main areas
of aims and goals. The next observational item, # 16, "To in-
terpret the data in the light of theory”, was not relevant in

)

$
l(:! than one half ?f the cases. On the other hand, when
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needed the pupils performed rather well in this respect. Here
we have registered positive development in recent Finnish
laboratory manuals, which even emphasize the need for inter-
pretation of results. In most cases it was also necessary "To
understand the accuracy and reliability of the data" (item #
17) and "To understand the meaning of the results" (item #
18). It seems that the teachers fairly emphasize these as-
pects of experimental work, but that there are also some dif-
ficulties. The rather large percentage of failures may be due
to the rather high difficulty level of the theory related to
some of the tasks.

The 1last items, # 19, "To be able to interpret properly
the results of control experiments”, # 20, "To compare re-
sults with data from literature”, and # 21, "To search for
additional information", are seemingly of little importance
in the Finnish school laboratories. One may observe essential
difficulties in the proper interpretation of data, but the
most important result of our observations is that these three
observational aspects reflect a demand for higher individual
responsibility for the pupils, which is not required in
Finnish schools to any great extent.

\
4.3 Comparison of overall results with data from laboratory

It may be of interest to compare the above general results
with observational data from laboratory tasks # 6 and # 9,
which were described earlier. Figure 4 clearly shows that
there are major differences between pupil behavior in these
two tasks. In both tasks it appears that items # 10, # 12,
and # 20 have not been observed. It may be interpreted that
*ta*ﬁ rather demanding on these grade levels to ask for sug-
ERIC
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gestions for further research or to make comparisons with
data in the literature. It is a general educational aspect
that teachers should more frequently expect help in running
the laboratory! In task # 6 it is not at all relevant to ob-
tain quantitative results, or to perform the experiment with-
in a reasonable time, or to perform control experiments, or
to observe the safety of other pupils, or to search for addi-
tional information. Laboratory task # 9 was obviously rather
difficult. A rather large percentage of pupils had difficul-
ties 1in showing the expected behavior during this session.
There was, for example, an alarming number of pupils who did
not follow safety instructions. This all may suggest that
there is a need for a new emphasis in the practical education
of teachers, as well as further development of laboratory

tasks.

4.4 Correlation of different items

The correlation matrix of different observations is presented
in Appendix 3. There are several significant correlations,
but we do not think that the nature of the data would allow a
very detailed analysis. However, highest significant correla-
tions (the 1limit of significance is .181) will be discussed
below:

There is a very high negative correlation between mani-
pulative skills and carrying out pilot experiments (r1,6 = -
0.6 ). Similarly, there is a high negative correlation be-
tween manipulative skills and independent work (r1,9= -0.4).
It is obvious that many pupils are fond of practical work,
show good skills, but will not stop to plan and perform pilot
experiments or otherwise show a proneness to independent be-

O
E]{Jﬂ:ior. The fact that items # 1 and # 11 have a very high,
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positive correlation gpeaks favorably for the practically
oriented pupils. Thése puplils also work effectively and main-
tain constant attention!

The high correlation between items # 6 and # 9 means
that the ability to perform pilot experiments and to work
1ndependenf1g are related to each other. There is also a high
correlation between items # 16 and # 19, as well as between
items # 17 and # 18. So there are correlations between using
theory and interpreting results of control experiments, and
Setween understanding the accuracy and reliability of the
data and understanding the meaning of the results. We may
consider that all these items are related to a rather mature
understanding of the nature of laboratory work in science.

The high correlation of items # 12 and # 20 shows that
the ability to make suggestions for further research, and
comparing results with data from literature, are related. It
is obvious that both abilities indicate good intellectual
maturity. It is also only natural that the difficulty of in-
terpreting the results is dependent on the nature of the

practical task.

Items # 13 and # 14 have a high correlation. It has also
been observed in the previous studies of our project (Erituu-
11 & Meisalo 1982, 1985) that to follow safety instructions
goes together with performing the experiments neatly and pro-
perly. It is interesting to note, that the observation of the
safety of other pupils seems to depend more on the nature of

the task than on other safety aspects.

Qo Items # 6 and # 11 also have a significant negative cor-

Eﬂ{Jﬂ:étion. The observers have possibly interpreted that pupils
Ararre roideai enc] . _
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who are considerate, plan in advance, and‘may even perform
control experiments, work less effectively than those who
only concentrate on practical matters. This possibility
should be brought to the attention of teachers.

One may draw some conclusions on the difference of pu-
pils' behavior during biology and chemistry sessions. We can
see 1in the correlation table that there are significantly
better possibilities to show one's manipulative skills in
chemistry than in biology. It may also be easier to perform
pilot experiments within biology than in chemistry. It ap-
pears that independent work may be more frequent in biology
than in chemistry. Pupils also pay more constant attention
and work effectively in chemistry than in bio;ogy. On the
other hand, biology teachers may offer more possibilities for

creativity.

O
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5 Summary and conclusions

5.1 Comparison with previous work in physics and chemistry

This report is a straightforward continuation of our previous
work 1n physics and chemistry. We have presented here some
new developments in the general theoretical part, but the
emphasis has been on the inclusion of the biological sciences
in this project. The empirical part of this study is rather
modest. However, it shows that, in the biological sciences,
we can use an approach in studying the problems of the evalu-
ation of practical work similar to what we have used in
physics and chemistry. On the other hand, it is also obvious
that there are many possibilities to further develop this
type of work so that it 1s more fruitful in reference to the

most important aims and goals of the curriculum.

5.2 Implications for the science of science teaching

This study reflects the need to bring together new ideas from
different disciplines and the value of different types of
expertise. This provides an example of possibilities of ap-
plication of our model of analysis of different pedagogical
approaches in science teaching. It is hoped that especially
the method of analyzing the autonomy of students in practical
work will be of value both in further theoretical analysis
and in the development of practical work habits in the school
laboratory.

There has not been any cooperation between thr develop-
ment of curricula and methodical instructions for biology and
chemistry teaching in the Finnish comprehensive school. Our
dgata reveals that different tasks put demands on the 1labora-

ERIC
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tory safety on different levels. Safety instructions have
been of greater importance during chemistry working sessions
than in biology. This may reflect an international trénd, but
it may be recommended, for several reasons, that the in-
‘structions for biology teachers should be developed further
in this respect. It is of course important that the practical
work of pupils is safe. Accidents do occur sometimes, but
teachers should observe all practical precautions to prevent
them. Equally important is the general educational aspect.
when pupils already learn at a young age to observe safety
regulations, they will probably follow safe working practices
during their adult life. To observe the safety of other pu-
pils in a school laboratory is equally important for similar

reasons. It is also a part of the social skills of pupils.

5.3 Relevance to the problems of teacher education

It is very common that young teacher trainees are not able to
analyze the pedagogical aspects of the classroom situations
that they are requested to observe in the early phases of
their education. The approach presented in this paper is
.valuable'in structuring the observation in a manner that em-
phasizes those aspects of practical work that are central to
the aims and goals. It is also essential that students
taking different types of laboratory courses do not only
practice technical skills, but also try to relate their work
to the school curricula.

5.4 Implications to future research

We are working further on applied research, as well as on
the research and development level, to create new practices

[: i%:« the evaluation of the work in science 1laboratories in
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Finnish schools. 1It is important due to the need for pro-

viding more emphasis on the practical aspects of school work.
On the other hand, we are going to collect wider observa-
tional data on practical work in sciences to be able to per-
form a more detailéd analysis along the guidelines presented
in this work. Our theoretical considerations may have further
value in the analyéis of teaching and learning situations in
different school subjects as studied, for instance, within
the FINISTE project associated with the National Board of

General Education, Finland and UNESCO.

Q 3 9
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Appendix 2.
The laboratory tasks
The laboratory task # 1 was the identification of previously
known chemical substances. The students were asked to identi-
fy six different substances (formic acid, ethanol, water,
citric acid, and glycerol), which were in test tubes A to F.
They were allowed to use all materials on the laboratory
benches: ph indicator, zinc, tin, lead, hydrochloric acid.
They could also ask the teacher for more materials. Here the
ffeedom was being.able to select from a number of alterna-
tives. The teacher did not 1imit the freedom essentially, but
since pupils did not have enough previous information and
' skills, they could not use their freedom. For task # 2
teacher gave short and clear instructions on how to prepare
an alloy starting from pieces of lead and tin. Pupils heated
the constituents, and studied the melting points as well as
mechanical properties. Pupils had the possibility to compare
their results with data in the literature. The instructions
allowed a rather open-ended approach. Here the overall open-
ness was on the same level than in the previous <task. How-
ever, now the teachers role was somewhat more limiting.
Task # 3 was the construction of a cell model. The goal of
this task was to become familiar with osmosis, which has an
important role in all 1living organisms. The membranes of
living cells are partially permeable, and thus osmosis is a
ubiquitous phenomenon in cells. Pupils built up a cell model
following instructions in their laboratory manual. The model
was put into an iodate solution, and the membrane tension as
Q
ERIC

oo '8tructions in the textbook made the task closed.

18 the change in the color of the solution was register-
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Task # 4 was the study of a model of a genetic code. The
hereditary characters, dominant or recessive, were simulated
by throwing one or two coins. Heads meant a dominating
characteristic, tails recessive characteristic (or vice
versa). Pupils recorded their self-produced simulated data
and compared the resﬁlting probability with theory. The
experiment may be considered unfair. The instructions given
by the teacher made this task closed.

Task # 5 was purification by distillation. The teacher asked
pupils to set up a distillation apparatus and to separate the
components of a copper sulfate solution. There was a diagram
of the distillation apparatus in the laboratory manual. After
the experimental part pupils were to answer the following
questions: How does the distillation apparatus operate? Study
the distilled product. Is there still any coppeé sulfate?
Where do the solid particles Tremaih stay in the distillation
process? The instructions were rather detailed, limiting the
openness of this task.

ERIC
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The laboratory task # 6 was the study of bacterial growth.
Students had to heat a nutrient substratum and to prepare a
culture platter for bacterial growth under sterile condi-
tions. Different specimens with bacterial contamination were
put on the platter and growth rates were recorded during one
week, working at home. Pupils had detailed instructions for

this study in their textbook.

The laboratory task # 7 was the s;udy of differences between
concrete and Portland cement. The students were supposed to
bring calcium sulfate and calcium carbonate in contact with
water and study the properties of resultant materials. They
had to find answers to three questions: 1) What is the dif-
ference between concrete and Portland cement? 2) Which chemi-
cal compounds form Portland cement? 3) How can we get calcium
carbonate? The students had only a few possibilities for ex-
pressing or using their own ideas during this experiment.

Task # 8 was the study of structure compounds of different

O
[E l(jit cells. Students were instructed to take different
v roviesn enc
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plants and mosses through fresh preparations. Blue and iodax
solutions were available to bring out the microstructures
under a microscope. The experiment was closed due to detailed
instructions.

The laboratory task # 9 was the study of the chemistry of
carbon. The purpose of the experiment was to identify carbon
in organic substances. Pupils were 1nstructed to build,_ for
this purpose, a test apparatus which can be seen in Figure 3
on page 26. Pupils heated organic material, usually a piece
of wood, in the test tube. Pupils verified carbon from the
distilled gases by different indicative reactions. Instruc-
tions for this laboratory task, as well as a diagram of the
apparatus, were in their laboratory manual. They were also
supposed to answer eight questions related to the experiment
during or after the session.

Laboratory task # 10 was the study of crystalline water.
Pupils determined the percentage of crystalline water in a
crystal of copper sulfate by heating the crystal and measur-
ing the loss of the mass by a good laboratory balance. They
checked the result with theoretical information.

In task # 11 pupils used different pairs of metal electrodes,
‘such as Cu and Mg, in an acid solution to measure the poten-
tial differences of metals by a voltmeter. They registered
the voltage readings for each pair of electrodes and 1listed
the metals in the order of relative potentials. The results
were compared with data in the literature.

Task # 12 was performed in two parts. A spot of mold on bread
was studied on different levels:by the naked eye, under a
lens, and under a microscope. For the last level a slide pre-

[: Tkjation was required and the pupils were asked to study the

50
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microstructure. In the second part, soil samples were studied

to search for living forms. The pupils were working on dif-
ferent levels of independence, some could not get free from
instruction given by the teacher or in the laboratory hand-
book. However, a few pupils worked rather freely. Eventual

species'were identified by morphological similarity.
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Appendix 4
The list of variables

. Practical skills
To show clearly full range of relevant manipulative skills
To appreciate the precision of the apparatus
To be able to obtain quantitative results within an expected
range
To be able to perform the experiment within a reasonable
time
To be able to modify the experimental plan creatively
To be able to carry out pilot experiments
To be able to carry out control experiments
Sum variable (0)
Sum variable (-1)

0. Sum variable (2)

> W=

=0 0o

B. General work habits

11 To be willing to work as a member of a team

12. To be willing to help in running the laboratory

13. To maintain constant attention and to work effectively
14, To be able to make suggestions for further research

15. Sum variable (0)
16. Sum variable (-1)
17. Sum variable (2)

C. Observation of laboratory safety

18. To follow safety instructions

19. To perform the experiments neatly and properly
20. To observe the safety of other pupils

21. Sum variable (0)

22. Sum variable (-1)

23. Sum variable (2)

D. Quality of experimental results
24, To interpret the data in the light of theory
25. To understand the accuracy and reliability of the data

26. To understand the meaning of the results
27. To be able to interpret properly the results of control
experiments

24
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To compare results with data from literature
To search for additional information

Sum variable (0)

Sum variable (-1)

Sum variable (2)

Schulman's levels 1 2 3 4

Gender: boy 1, girl 2

Subjects: physics 1, chemistry 2 , biology 3
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Appendix 5
The Observation Form .
School: Grade:
Teacher: Number of students:
Subject: Observer:
Topic:

2: pupils had achieved the objective

1: pupils had achieved the objective partly

-1: pupils had not achieved the objective

0: objective was not observed
A. Practical skills
1. To show clearly full range of relevant manipulative skills -1
2. To appreciate the precision of the apparatus -1
3. To be able to obtain quantitative results within an expected

range -1
4. To be able to perform the experiment within a reasonable time -1
5. To be able to modify the experimental plan creatively -1
6. To be able to carry out pilot experiments -1
7. To be able to carry out control experiments -1
B. General work habits
9. To be willing to work as a member of a team -1
10. To be willing to help in running the laboratory -1
11. To maintain constant attention and to work effectively -1
12. To be able to make suggestions for further research -1
C. Observation of laboratory safety
13. To follow safety instructions -1
14. To perform the experiments neatly and properly -1
15. To observe the safety of other pupils -1
D. Quality of experimental results
16. To interpret the data in the light of theory -1
17. To understand the accuracy and reliability of the data -l
18. To understand the meaning of the results -1
19. To be able to interpret properly the results of control

experiments -1
20. To compare results with data from literature -1
21. To search for additional information -1
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Pupil follows the instructions given by the teacher
in the book
by the teacher and in the book

Pupil does not follow any instructions

Special indications for safety no
yes chemicals
apparatus
outdoor activities
Teacher opinion on the class - good
average
weak
Relevant skills expected manipulative
work habits
safety
results
others

Short summary of lab activity:

Further comments on pupils' actions:

Schulman's levels 1, 2, 3, 4
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